Background {#sec1}
==========

Pancreatic changes including those affecting the parenchyma and ductal structures can be due to degenerative processes associated with aging, inflammation, and diabetes mellitus \[[@cit0001],[@cit0002]\]. Age-related changes of the pancreatic parenchyma include a decrease in pancreatic volume, observed after the sixth decade of life, and an increase in pancreatic fat content; histologically, lipomatosis, fibrosis, and focal necrosis can also be attributed to aging \[[@cit0003]--[@cit0005]\].

Transabdominal ultrasonography is a non-invasive imaging method that has been used in patients with pancreatobiliary diseases for many decades. In conjunction with elastography, transabdominal ultrasonography can yield more information on the mechanical texture of tissues. Ultrasound strain elastography is one of the useful methods for evaluating pancreatic lesions. Since tissues affected by various pathologic processes exhibit distinct mechanical features, identification of lesions can be based on differences in their elasticities \[[@cit0001],[@cit0006],[@cit0007]\]. Two types of ultrasound elastography, which can be used for this purpose, include strain elastography and shear wave elastography \[[@cit0008]\]. The feasibility of tissue elastography with transabdominal ultrasound in the diagnosis of pancreatic diseases and age-related changes has been studied \[[@cit0009]\]. Recently, real-time tissue elastography has been used to visualize the strain between ultrasound image-pairs of tissues under compression and decompression. The strains of different tissues are encoded by different colors to reflect their relative hardness. The applications of sonoelastography in different organs are currently being intensively investigated \[[@cit0010]--[@cit0012]\]. Strain elastography is based on acquisition of data that are later used for calculating the strain ratio and strain histograms or for neural network analysis. Strain histograms are used to evaluate tissue stiffness by transformation of color images, that represent different levels of stiffness, into the gray-scale and into calculated parameters \[[@cit0008]\].

The pancreas can undergo structural changes due to the initiation and progression of type 1 diabetes mellitus (T1DM). Vascular parameters, such as transient vasoconstriction and vasodilation, and increased blood flow and vascular leakage accompany inflammation \[[@cit0013]\]. Vascular swelling, alterations of endothelial cell morphology in the paraislet region, increased blood flow, and edema have been reported in the pancreas of patients with T1DM \[[@cit0013]\]. Elasticity can be altered due to fibrosis in chronic processes or due to vascular engorgement during inflammation in diabetes mellitus. Therefore, there is a need to exclude the causes which can cause chronic pancreatitis in these patients.

In the present study, we aimed to evaluate T1DM-related elasticity changes in the pancreas of children using transabdominal ultrasonography. Furthermore, we analyzed the association between strain ratio values and descriptive/clinical parameters in these patients.

Material and Methods {#sec2}
====================

Study design {#sec2.1}
------------

This cross-sectional, controlled trial was performed in the pediatric radiology department of our tertiary care center between November 2015 and October 2016. Before study initiation, we obtained the approval of our local Institutional Review Board. Written informed consent was obtained from parents of every participant.

In total, 120 children (59 girls, 61 boys) with an average age of 138.1±41.1 months (range: 62 to 204) were recruited. Participants were allocated into two groups: Group 1 consisted of 60 children (30 girls, 30 boys) diagnosed with T1DM in accordance with the criteria of the American Diabetes Association \[[@cit0014]\]; Group 2 was comprised of 60 healthy children (29 girls, 31 boys). Healthy volunteers did not undergo any biochemical testing. Assurance of confidentiality was provided with respect to health information in all participants. Scanning was performed early in the morning after an overnight fasting period. In some cases, subjects were instructed to drink 250 ml of water during the procedure in order to improve the visibility of the pancreas. The identification of the pancreas was facilitated by using the left lobe of the liver, portal vein, superior mesenteric artery, and inferior vena cava as landmarks.

Exclusion criteria were age greater than 16 years, history of pancreatic diseases like pancreatitis, cystic fibrosis, neoplasms, autoimmune disease, and diagnosis of type2 DM and liver diseases.

Transabdominal ultrasonography examinations {#sec2.2}
-------------------------------------------

Ultrasonography was performed with Toshiba Applio 500 device (Toshiba Medical Systems, Co., Ltd., Otawara, Japan). Strain elastography was carried out using a 3.5-5 MHz, convex probe. A single radiologist with 5 years of experience in pediatric and abdominal radiology (M.O.) carried out transabdominal ultrasonography examinations. Strain ratio measurements were obtained made suspended respiration.

The ultrasound probe was placed parallel to the pancreas, and the region of interest (ROI) was located in the body of the pancreas. The relative elasticity of the tissue was displayed in different colors; red, green and, blue were consistent with soft, average, and hard tissues, respectively. Images stable for at least 5 seconds were used for quantitative analysis and definition of the pattern. The region of interest (ROI) for the elastographic evaluation was manually selected to include the targeted area of the pancreas and the surrounding tissues. Two different areas (T and R) were derived from the ROI for quantitative elastographic analysis ([Figures 1](#f0001){ref-type="fig"}, [2](#f0002){ref-type="fig"}). Area T was the largest possible area of the target tissue (pancreatic parenchyma), while Area R indicated the reference area, corresponding to the left lobe of the liver, which was cautiously selected with respect to position and size \[[@cit0015]\]. The result of the elastographic evaluation was defined as the quotient R/T, i.e., the strain ratio. Three different elastographic measurements were taken in each patient at the head, body, and tail of the pancreas. The final result of the analysis was a mean of the three values. The procedure of elastography was carried out in accordance with previously described principles \[[@cit0016]\].

![Elastography of the pancreas in a 72-month-old, healthy girl displayed a strain index of 1.27. Region of interest (T) is set on the body of pancreas, and ROI (R) is set on read area around the left lobe of liver. The strain ratio (R/T) was calculated automatically and displayed on the bottom of the screen.](PJR-82-904118-g001){#f0001}

![Elastography of the pancreas in a 196-month-old girl with type 1 diabetes mellitus exhibited a strain index of 4.55. Region of interest (T) is set on the body of pancreas and ROI (R) is set on read area around the left lobe of the liver. The strain ratio (R/T) was calculated automatically and displayed on the bottom of the screen.](PJR-82-904118-g002){#f0002}

Since the pancreas is a retroperitoneal structure, manual compression of the pancreas should be amplified on the left lobe, where it is in line with aorta, whose pulsations aid in compression.

The intensity and duration of the manual compression was adjusted by monitoring the elastogram on the video screen of the ultrasound system. Movements of the transducer were repeated using different compression ratios until a stable and reproducible image series was obtained. The ultrasound B-mode and elastography images were recorded on the internal hard disk of the ultrasound machine.

Outcome parameters {#sec2.3}
------------------

In this study, we focused on baseline descriptive statistics including age (months) and gender (female, male), duration of disease (months), strain ratio for the pancreas, and serum hemoglobin (Hb) A1c levels (%).

Statistical analysis {#sec2.4}
--------------------

Data analysis was performed with IBM Statistical Package for Social Sciences (SPSS) Statistics 20 software (SPSS Inc., Chicago, IL, USA). Normality of distribution was assessed with the Kolmogorov-Smirnov test. Correlations between variables were evaluated with the Pearson's correlation coefficient. Comparisons between two independent groups were made with the independent-samples t test, whereas comparisons between categorical variables were performed with the Pearson's chi-squared test. Quantitative data were expressed as means, standard deviations, and minimum and maximum values. Confidence intervals were 95%, and p values lower than 0.05 were considered as statistically significant.

Results {#sec3}
=======

Our series consisted of 60 T1DM patients (30 girls, 30 boys) and 60 healthy controls (29 girls, 31 boys). An overview of demographic and clinical data is presented in [Table 1](#t0001){ref-type="table"}. No difference was observed between the 2 groups with respect to gender (p=0.855). There was no difference between T1DM patients and controls in terms of age (139.2±41.4 *vs.* 137.1±41.1; p=0.78). However, the strain ratio was significantly higher in T1DM patients (3.4±0.7 *vs.* 1.3±0.4; p\<0.001). Correlation analysis revealed that there was a positive correlation between the strain ratio and age in the whole sample, T1DM patients, and controls (p\<0.001, p\<0.001, and p=0.011; respectively) ([Table 2](#t0002){ref-type="table"}). In other words, aging was associated significantly with higher strain ratios. In diabetic children, duration of T1DM was also positively correlated with the strain ratio (p\<0.001). However, there was no correlation between the strain ratio and HbA1c levels (p=0.091). [Figures 3](#f0003){ref-type="fig"}--[5](#f0005){ref-type="fig"} demonstrate the relationship between the strain index, age, duration of T1DM, and HbA1c levels.

###### 

An overview of descriptive and clinical parameters in our series.

  Group                       n           Variable       Average (mean±standard deviation)   Range (minimum--maximum)
  --------------------------- ----------- -------------- ----------------------------------- --------------------------
  Whole                       120         Age (months)   138.1±4.1                           62--204
  T1DM                        60          Age (months)   139.2±41.4                          63--204
  Duration of T1DM (months)   62.9±27.8   14--113                                            
  HbA1c level (%)             9.7±2.5     6.30--17.00                                        
  Control                     60          Age (months)   137.1±41.1                          62--203

T1DM -- type 1 diabetes mellitus; HbA1c -- haemoglobin A1c.

###### 

Results of the correlation analysis between strain ratio of pancreas elastography and clinical variables.

  Group                           n       Variable                                   Variable       Average (mean±standard deviation)   Range (minimum--maximum)
  ------------------------------- ------- ------------------------------------------ -------------- ----------------------------------- ------------------------------------------
  Whole                           120     Strain ratio                               Age (months)   0.349                               \<0.001[\*](#tf2-1){ref-type="table-fn"}
  T1DM                            60      Strain ratio                               Age (months)   0.976                               \<0.001[\*](#tf2-1){ref-type="table-fn"}
  Duration of diabetes (months)   0.923   \<0.001[\*](#tf2-1){ref-type="table-fn"}                                                      
  HbA1c level (%)                 0.015   0.910                                                                                         
  Control                         60      Strain ratio                               Age (months)   0.327                               0.011[\*](#tf2-1){ref-type="table-fn"}

T1DM -- type 1 diabetes mellitus; HbA1c -- haemoglobin A1c

statistically significant.

![Association between the strain ratio and age (months) in patients with type 1 diabetes mellitus.](PJR-82-904118-g003){#f0003}

![Relationship between the strain ratio and duration of type 1 diabetes mellitus (months).](PJR-82-904118-g004){#f0004}

![Relationship between the strain ratio and serum hemoglobin A1c levels (%).](PJR-82-904118-g005){#f0005}

ROC analysis yielded that cut-off value for strain ratio was 2.245 (AUC=0.999, p\<0.001, sensitivity=0.983 and specificity= 1.00) ([Figure 6](#f0006){ref-type="fig"}). Strain ratio values greater than 2.245 were likely to be pathological attributed to increased tissue stiffness in T1DM.

![ROC curve demonstrates the cut-off value of 2.245 for the strain ratio for type 1 diabetes mellitus patients (AUC: 0.999, p\<0.001, sensitivity: 0.983, specificity: 1.000).](PJR-82-904118-g006){#f0006}

Discussion {#sec4}
==========

The objective of the present study was to evaluate T1DM-related changes in pancreatic elasticity in children. We noted that there were significant changes in pancreatic elasticity, and the strain ratio was significantly higher in T1DM. There was a positive correlation between the strain ratio and age in both T1DM patients and controls. Notably, the strain ratio was correlated positively with duration of T1DM, but the HbA1c level was not associated with the strain ratio.

Elastographic images represent tissue elasticity, which may be related to histopathologic features \[[@cit0017]\]. Elastography of the pancreas can be challenging to perform with sufficient accuracy and reproducibility, which can be attributed to the small size and deep location of the organ. Moreover, confirmation of elastographic data is hard due to the difficulty of obtaining a biopsy. Elastography is a promising imaging modality for inflammatory and neoplastic diseases of the pancreas and for identification of high-risk patients with pancreatic cancer \[[@cit0018]\]. To our knowledge, the structural alterations in the pancreas of children with T1DM have not been studied using elastography.

Clinical practice guidelines for elastography of the pancreas have been announced recently \[[@cit0008]\]. Verification of findings derived from elastography cannot be made due to the difficulty of obtaining a biopsy specimen. An elastogram allows a satisfactory evaluation of the pancreatic body, but it may not be sufficient for the head or tail of the pancreas.

Type 1 diabetes mellitus not only necessitates lifelong insulin treatment, but screening for long-term complications and meticulous follow-up are also mandatory to avoid morbidity and mortality associated with T1DM \[[@cit0018]\]. In this context, strain elastography can be a useful and reliable measure to be used in periodical screening and follow-up.

Strain elastography has been used successfully to document age-related changes in the pancreas \[[@cit0018]\]. Our results are in line with a report supporting the fact that age has an important impact on strain ratio values in both T1DM patients and healthy controls. Janssen et al. reported that elastography was a feasible method that yielded convincing results in chronic pancreatitis and focal lesions of the pancreas \[[@cit0019]\]. As far as we know, this is the only study investigating the utility of elastography of the pancreas in children with T1DM. Cut-off values for the strain ratio have been investigated for pancreatic tumors and pancreatitis, and the optimal values of the strain ratio vary substantially in different reports \[[@cit0017],[@cit0020]\]. In the case of chronic pancreatitis, a correlation between the strain ratio and disease classification was shown \[[@cit0015]\]. The cut-off value for chronic pancreatitis was found to be 2.25 by ROC analysis. In our series, we calculated a cut-off value of 2.245, which is very close to that in chronic pancreatitis. This finding suggests that T1DM may be associated with a chronic inflammatory process similar to chronic pancreatitis. Histopathological studies are essential to unveil the characteristics of structural changes in the pancreas in T1DM. We observed that duration of disease and age correlated positively with the strain ratio in T1DM, but the HbA1c level was not associated with the strain ratio.

A recent publication reported that the carotid intima-media thickness was an early indicator of atherosclerosis in children with type 1 diabetes, and this could be followed by macro- and microvascular atherosclerotic changes \[[@cit0021]\]. Similarly, strain elastography may be another parameter that could predict the course of the disease. Even though HbA1c reflects glycemic control, it may not be necessarily accompanied by alterations of the strain ratio.

Assessment of pancreatic volume with helical computerized tomography indicated that pancreatic volume was decreased remarkably in T1DM. Elastography can be useful for detection of early changes in the pancreas attributed to T1DM in patients with less visible symptoms. Focal or diffuse stiffness may indicate patients at risk in whom a detailed examination for T1DM should be performed. In spite of certain limitations, transabdominal ultrasound strain elastography seems to be a convenient option for screening of large populations. Selection of ROI is important particularly in patients with a high body-mass index since identification of the pancreas may be difficult.

Our findings showed that the strain ratio was significantly higher in children with T1DM. Hopefully, strain elastograms can be a promising and non-invasive tool for the evaluation and follow-up of these patients. However, determination of cut-off values necessitates elimination of technical and operator-related problems. Therefore, multi-center. prospective, controlled studies on larger series must be conducted to obtain more reliable results. The indications and limitations of elastography remain to be elucidated in further trials on larger series. Thus, popularization of clinical application and improvement of accuracy and reproducibility could be obtained. The quantification of the pancreatic parenchymal stiffness can help estimate the risk of pancreatic fistula formation. We noted a positive correlation between age and pancreatic stiffness in all groups, and there is a positive correlation between pancreatic stiffness and duration of DM. This finding may be due to the fact that patients with long-standing DM may have stiffer pancreata because of an older age.

This study has certain limitations such as the lack of analysis of possible confounding factors, operator- and equipment-related restrictions, and data derived from a single institution. No consensus exists on the reference area to be set during elastography of the pancreas \[[@cit0017]\]. Alternatively, the strain ratio and the elasticity of area T may be calculated in triplicate for every case in order to eliminate the selection bias of areas R and T. In this circumstance, a mean of the 3 measurements can be used as a more reliable measure. The influence of reference on the results of the strain ratio cannot be ignored. Moreover, the color map in elastography is prone to be influenced by the size of ROI. The elastographic appearance of the pancreas may vary due to an inhomogeneous affection of the organ and different stages of the disease. Lack of correlation between the severity of the disease with the elastographic appearance is another significant limitation of this study. It must be taken into account. Moreover, different cut-off values can be reported for chronic pancreatitis and for tumors with hard texture.

Conclusions {#sec5}
===========

In conclusion, we suggest that elastography of the pancreas can provide important clues reflecting the histopathological alterations associated with T1DM. We observed that strain ratios, that represent tissue stiffness, were significantly higher in children with T1DM. Therefore, strain elastography is a promising, safe, non-invasive, and practical tool for the early detection, long-term screening, and follow-up of these patients.
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